Role of individual methionines in the fibrillation of methionine-oxidized alpha-synuclein.
The aggregation of normally soluble alpha-synuclein in the dopaminergic neurons of the substantia nigra is a crucial step in the pathogenesis of Parkinson's disease. Oxidative stress is believed to be a contributing factor in this disorder. We have previously established that oxidation of all four methionine residues in alpha-synuclein (to the sulfoxide, MetO) inhibits fibrillation of this protein in vitro and that the MetO protein also inhibits fibrillation of unmodified alpha-synuclein. Here we show that the degree of inhibition of fibrillation by MetO alpha-synuclein is proportional to the number of oxidized methionines. This was accomplished be selectively converting Met residues into Leu, prior to Met oxidation. The results showed that with one oxidized Met the kinetics of fibrillation were comparable to those for the control (nonoxidized), and with increasing numbers of methionine sulfoxides the kinetics of fibrillation became progressively slower. Electron microscope images showed that the fibril morphology was similar for all species examined, although fewer fibrils were observed with the oxidized forms. The presence of zinc was shown to overcome the Met oxidation-induced inhibition. Interestingly, substitution of Met by Leu led to increased propensity for aggregation (soluble oligomers) but slower formation of fibrils.